Butyrate-treated cells give rise to massive hyperacetylation of histories and have been used to test the idea that regions of DNA in association with hyperacetylated histones are preferentially solubi1ized upon digestion with DNase I. Such hyperacetylated histones can be derived from both pre-existing histones or from histone newly synthesized in the presence of butyrate which leads to extreme modification. The DNA in association with both types of hypermodified histone is equally and selectively digested.
INTRODUCTION
Several workers have described a method for the selective solubilization of active genes by digestion of nuclei with DNase I (2-5). It has been suggested that the active qenes are in a different conformation (2,3,6) which provides for preferential attack by DNase I. There is conflicting evidence (7-9) whether actively transcribed genes have gross changes in nucleosome structure, at least as viewed in the electron microscope. However, ribosomal genes and some unique sequences appear to be organized in structures which respond to micrococcal nuclease in a normal manner reflectina at least in general terms a normal nucleosomal organization (2,10-14). It seems likely that the (perhaps subtle) changes in nucleosome organization which lead to selective solubilization of active genes by DNase I also may play a critical role in permitting RNA polymerase to migrate through the compact nucleosome structure.
The mechanism whereby actively transcribed regions in chromatin could become more available to both nucleases and polymerases has long been thought to involve histone modification (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) . Since histone phosohorylation appears to be primarily concerned with replication processes (28-32), interest now centers upon histone acetylation. Histone acetylation occurs to the level of the accumulation of up to four acetate groups per molecule (24,25,33,34), the modification occuring in the same amino terminal region of the protein involved in binding DNA (20, 21, 34 ). The modification is metabolically very active showing a t, ," for hydrolysis of 3 min (25) an observation which would be consistent with a mechanism involving transient breaking and remaking of the nucleosome structure. Clearly such a process would offer a structural basis for increased nuclease sensitivity as well as providing a means whereby RNA polymerase could migrate through a temporarily loosened nucleosome which nonetheless could raDidly reestablish its structural integrity. Accordingly, we wished to ask whether the regions of the chromatin which were more rapidly solubilized by DNase I contained histones which were modified by acetylation to a greater degree than that of bulk chromatin.
Using nuclei from butyrate treated cells (35,36) we will show that those fractions of chromatin solubilized by digestion with DNase I show a remarkable degree of hyperacetylation at early times. The histones contributing to this degree of hyperacetylation arise from two pools, those histones which were present before butyrate was added and those histones synthesized after the addition of the short chain fatty acid (36). There is no selective hydrolysis of DNA in association with either 'new' or 'old' histone, thus ruling out that the effect we have seen is an artifact of inappropriate deposition of newly synthesized, highly acetylated histone.
MATERIALS AND METHODS
Treatment of Cells. To insure a rapidly dividing population, HTC cells were resuspended in fresh medium (S77) at 2.5 X 10 5 cells/ml approximately 12-24 hrs prior to incubation with 6 mM sodium butyrate for 6 hrs. During this treatment, all cells remained viable as judged by trypan blue exclusion. Digestion of nuclei with DNase I. Preparation of nuclei and subsequent digestion with nuclease were carried out in the presence of 6 mM butyrate to inhibit deacetylation. Significant deacetylation of hypermodified histone can occur in vitro both at 37° and 4°C (unpublished observations). Frozen HTC cells were homogenized in 0.25 M sucrose, 0.01 M tris-HCl, 0.01 M MgCl 2 , 1% Triton-X 100, 0.05 M NaHS0 3> pH 6.5 and nuclei were collected by centrifugation at 1,100 x g for 10 min. Nuclei were washed in this buffer 3 times and once in buffer without NaHS0 3 and detergent. The final nuclear pellet was washed in the digestion buffer previously described (2,3) except that 0.25 M sucrose was added. Nuclei were resuspended in this digestion buffer at a concentration of 1 mg/ml and digested at 37° with DNase I (3.36 units/ng of nuclei, Worthington Biochemical Corp). Reactions were terminated by chilling and immediately centrifuqinq the nuclei at 12,000 x g for 5 min. The supernatant was removed and EDTA added to a final 5 mM concentration. The pellet was resuspended in 5 mM EDTA, 6 mM butyrate by sonification. The extent of digestion was monitored by measuring the release of material absorbing at 260nm into the supernatant or by determining the amount of acid soluble material as previously described (3).
Histone isolation and analysis. Hi stones were acid extracted from the supernatant and pellet fractions as previously described (36) except that samples were dialyzed overnight against 0.4 N H-SO., 6 mM butyrate to remove sucrose and EDTA before being precipitated in ethanol. Polyacrylamide gel electrophoresis, scanning, cutting and counting of gels and analysis of densitometer scans were as previously described (36) .
RESULTS
DMase I is selective for DNA associated with hyperacetylated histones. Hyperacetylation of the non-Hl histones was achieved by exposure of HTC cells to 6 mM sodium butyrate for 6 hrs (36). In order to ask if there is preferential digestion of DNA associated with hypermodified histones we have treated nuclei isolated from these cells with DNase I. At various times during the digestion we have pelleted the nuclei and extracted histones both from the solubilized fraction and from the insoluble nucleoprotein which sediments. An analysis on 25 cm urea-polyacrylamide gels of the extent of histone modification in these two fractions at early and late stages in digestion is shown in figure 1 . Clearly, at early stages in digestion (approximately 5% of the DNA made acid soluble) a very remarkable difference is seen in the degree of acetylation between histones in the supernatant and those in the pellet. Histones from the solubilized nucleoorotein are enriched in acetylated species, with greater than 95% of H4 histone modified and 85% of this histone appearing in the di-, tri-and tetra-acetylated forms. The ratio of tetra-acetylated H4 to parental H4 increases 10-fold over that found in histone from the insoluble nucleoprotein. This is shown in figure 2 where we have plotted the ratio of H4Ac4/H4AcO as a function of digestion time for both soluble and insoluble material. Although more extensively modified histones are found in the supernatant at early stages of the digestion, this distinction is in general lost as digestion proceeds. As seen in figure 2, while at early times in the digestion there is a 7-fold enrichment of H4Ac4 in the supernatant, this falls as the digestion proceeds. After a time we also note a decreased yield of histone in the supernatant even though the release of acid soluble nucleotides continues. This is attendant upon the formation of the insoluble limit residue which converts all histone into an insoluble complex. Similar observations to those reported in detail for H4 ly significant increased release of acid soluble material in hyperacetylated chromatin. We cannot, however, entirely rule out the possiblity of a difference in initial rate occuring within the first 1-3 min of digestion which would be difficult to observe consistently due to the problems of determining a small amount of acid solubility against a variable endogenous background. This is not particularly surprising since the acid soluble material represents DNA in the final stages of degradation whereas the centrifugation into soluble and insoluble material at pH 7.4 is in part a measure of extent of earlier chain scission in DNA. Accordingly we have also compared the rates of digestion of control and butyrate treated nuclei, monitoring the absorbance at 260nm of the solubilized fraction rather than the acid soluble mater- At the concentrations of substrate and enzyme employmax ed in these experiments, there is no increase in early rate of digestion upon comparing 1 mg/ml with 2 mg/ml of nuclei at the same enzyme concentration (data not shown). This indicates that at these conditions of substrate excess the initial rate of digestion is already equal to \/ w for both hyperacetylated and control nuclei. Thus if hyperacetylation changes the affinity of DNase I for chromatin without changing V , then no difference in rates of digestion between control and hypermodified nuclei would be observed under these conditions. Selective digestion of DNA associated with new or old histone. The selective digestion of chromatin containing the hypermodified histones could be due to the presence of incorrectly deposited histone. With regard to H4, this is that material which has been synthesized in the presence of butyrate, becomes associated with DNA primarily as the H4Ac2 form and is subsequently modified further to H4Ac3 and H4Ac4 (36). It is generally thought that the modification of newly synthesized histone plays a role in deposition (24,27,33) as it is subsequently rapidly deacetyiated (33). Accordingly in the absence of significant deacetylation (36) we have considered the possibility that it might bind DNA less effectively and thus lead to increased digestion of the DNA with which it is associated. We have attempted to distinguish between "new" (never deacetylated) and "old" (deposited prior to butyrate treatment) hypermodified histone. To label old histone, HTC cells were pulsed with H acetate for 15 min and the radiolabel removed prior to addition of butyrate for six hours. The radioactivity which becomes associated with the histones in the labeling period is not removed because of the butyrate-mediated inhibition of the deacetylase (36). Nuclei were isolated from the labelled, butyrate treated cells and digested with DNase I. Analysis of the specific activity of H4 histone found in the supernatant vs. the Table I 
1.1
Specific Activiy of individual subfractions is defined as cpm in a given H4 band/amount of H4 histone in that band.
Experimental procedure was the same as described in the legend to Table I for HTC cells labeled after butyrate treatment for 6 hrs. 
DISCUSSION
Several previous workers (2-5) have shown that DNase I selectively digests actively transcribing genes. Usually this is observed at early stages in digestion as the effect amounts to a differential digestion and solubilization rather than an absolute difference in susceptibility to lytic action. Using the incubation system previously reported to digest active genes, we have analyzed the types of histone in the soluble and insoluble fractions at the stages of digestion where this differential susceptibility is most apparent (2,3). We find that the initially solubilized chromatin is associated with extensively hyperacetylated histones. This has been shown in two There appears then to be a positive correlation between increased sensitivity to DNase I and the presence on such chromatin of very highly acety-lated histones. The evidence is consistent with the preferential solubilization of active genes resulting from these transcribing regions being much more highly acetylated. Since the hyperacetylation occurs in that part of the histone molecules binding DNA, we may expect that the binding to DNA is weaker and thus permits a more ready attack by DNase I. The association of hyperacetylated histones with active genes may reflect a requirement that histones be extensively modified in order to permit transcriptional events to occur. Perhaps a weakened DNA-histone interaction permits this electrostatic bond to be more easily broken by RNA polymerase as it migrates through the nucleosome. The rapid removal of acetate modification in vivo would be consistent with a role in which critical structural interactions are briefly interrupted in order to permit transcription to occur.
